OBJECTIVE -To assess the long-term effectiveness of a quality improvement program on care provided and patient outcomes in patients with diabetes.
I
n recent decades, the treatment of patients with type 2 diabetes has shifted from specialist care to primary care (1, 2) . As a consequence, guidelines and disease management programs for primary care have been developed. Several studies have proved that passive dissemination of guidelines alone has little effect on improving clinical practice (3) (4) (5) . According to two systematic reviews, a multifaceted intervention strategy seems to be a more effective method of improving clinical practice than the implementation of a single intervention strategy (6, 7) . For diabetes care, it has been proven that if regular, prompted recall and review of patients are guaranteed, primary care can achieve standards of care as good as or even better than hospital outpatient care, at least in the short term (8) .
Because of conflicting results and methodological shortcomings of most studies, it is not clear which strategy is most effective in improving diabetes care. Only a few studies have assessed patient outcomes in addition to outcomes on the care provided. Insight into both outcomes on the care provided and patient outcomes is important (9) , because the extent to which an intervention that is targeted at improving diabetes care has changed the process of care is masked when patient outcomes are measured without also measuring the process of care. On the other hand, if only the process of care is measured, it is not clear whether changes in the process of care produce any corresponding improvements in the health of patients.
In the Netherlands, patients with type 2 diabetes are mainly treated in general practice. In 1989, the Dutch College of General Practitioners formulated guidelines for the care of patients with type 2 diabetes. However, empirical data showed clear shortcomings in the diabetes care provided by general practitioners (GPs) (10) . Therefore, a multifaceted quality improvement program, targeted at GPs, was introduced to improve the treatment of patients with type 2 diabetes. The aim of this study was to determine the long-term effectiveness of this quality improvement program on both the care provided to the patients and the patient outcomes.
RESEARCH DESIGN AND METHODS
-From 1992 to 1997, a nonrandomized trial was performed in which GPs were allocated to an intervention group or a reference group. The follow-up period was 42 months. The study was approved by the Medical Ethics Committee of the Academic Hospital of the Vrije Universiteit in Amsterdam.
Study population
Recruitment of general practitioners. The GPs recruited for the intervention group (IG) participated in a program developed by the Vrije Universiteit in Amsterdam to improve the quality of care for patients with chronic diseases in general
From the 1 practice. Their practices were located in an urbanized rural area in the eastern region of the Netherlands, as well as in Amsterdam and surrounding areas. The GPs recruited for the reference group (RG) came from the same regions and had comparable characteristics to those in the IG with regard to type of practice (single or group), size of practice, and previous education on diabetes care. GPs in the RG continued to provide usual care. A total of 22 GPs participated in the IG and 5 GPs participated in the RG. Recruitment of patients. All patients who were diagnosed with type 2 diabetes before 1992, according to the 1985 criteria of the World Health Organization (11), were identified. Patients were eligible for participation in the study if: 1) the GP was the main provider of diabetes care; 2) they were able to complete a questionnaire in the Dutch language; 3) informed consent was obtained. At baseline, 526 patients were identified in the intervention practices receiving GP care (66%); of these patients, 101 were excluded because they were unable to complete the questionnaire. Therefore, 425 patients met the inclusion criteria; 374 gave written informed consent.
In the RG, 119 patients with type 2 diabetes receiving GP care (68%) were identified; 14 patients were excluded because they were unable to complete the questionnaire, and 1 patient did not give informed consent. Consequently, 104 patients were included in the study.
In comparison with patients who were receiving specialist care, patients receiving GP care had a lower mean HbA 1c (7.8 vs. 8 .5%) and a longer duration of diabetes (10.6 vs. 6.4 years) and were treated more frequently with diet only and less frequently with insulin. Patients who did not give informed consent did not differ from those who gave informed consent.
Intervention (the quality improvement program) The quality improvement program was implemented in 1993 and consisted of four elements.
First, the GPs received guidelines on the structure of diabetes care, targets for glycemic control and cardiovascular risk factors, and therapy according to a step-up regimen to achieve those targets. The guidelines were in accordance with those of the Dutch College of General Practitioners (12) and the European NIDDM Policy Group (13) .
Second, a program of structured meetings in two regional peer-review groups (14) was implemented, including postgraduate education on type 2 diabetes, consultation of experts, and audit and feedback. During these meetings, GPs were educated by experts on the implementation of the guidelines in clinical practice. In addition, the GPs were given feedback regarding patient outcomes and outcomes of the individual practices on the care provided, and obstacles encountered in providing diabetes care and achieving the targets in accordance with the guidelines were discussed. At the start of the study, the intervention focused primarily on glycemic control, but in 1995 and thereafter, more attention was given to cardiovascular risk factors (15, 16) .
Third, GPs were given diabetes templates to achieve structured registration of the care provided.
Fourth, a central recall system for annual control visits of the patients was implemented. The data collected during this control visit were sent to the GPs and were available at the time of the clinical encounter of the GP with the patient.
The GPs in the RG continued to provide usual care. They were familiar with the national guidelines for the treatment of patients with type 2 diabetes because these had been published in a GP journal (12) . The patients in the RG were also invited for an annual control visit, and the data collected during this visit were also sent to the GPs.
Data collection
Data on care provided. Data on care received by patients were obtained from the medical records, dating from 12 months before the intervention to 42 months after. Three data abstractors were trained to review the medical records, and standardized computerized data-entry equipment was used. The interobserver and intraobserver reliability was good (Cohen's Ն0.80 for all outcomes). The abstracted outcomes included the number of diabetes visits and the measurements of HbA 1c , blood pressure (BP), total cholesterol (TC), HDL cholesterol, triglycerides, creatinine, urine albumin, and weight. A diabetes visit was defined as a visit during which glycemic control was assessed. Glycemic control measurement during illness to trace a possible disorder in the glycemic control was not recorded as a diabetes visit. Patient characteristics and outcomes. At baseline, the GPs provided information about their patients, with regard to demographical characteristics, duration of diabetes, and diabetes treatment.
Patient outcome data were collected during the annual control visits. After a baseline measurement in 1993, follow-up data were obtained after 18, 30, and 42 months. Height and weight were measured, with the patients wearing light clothes and no shoes. BMI was calculated as weight (kg) divided by height (m) squared. BP was assessed with a randomzero sphygmomanometer (HawskleyGelman, London, U.K.).
HbA 1c , TC, HDL cholesterol, and triglycerides in fasting blood samples were assessed in regional laboratories until 1995. HbA 1c was assessed by means of various methods. In 1995 and thereafter, all laboratory tests were performed in one laboratory and all previous measurements of HbA 1c were standardized to those (normal range 4.3-6.1%).
Outcome measures
Outcomes on care provided. The number of diabetes visits was determined per patient per year of follow-up. In accordance with the guidelines, appropriate assessment of glycemic control was operationalized based on two different criteria: 1) at least one HbA 1c measurement per patient per year, and 2) at least four diabetes visits per patient per year.
Adequate assessment of BP, TC, HDL cholesterol, triglycerides, creatinine, and urine albumin was defined as one measurement per year (13) , and adequate assessment of weight was defined as four measurements per year. Patient outcomes. It was assessed whether the targets for good or acceptable glycemic control were achieved in accordance with the guidelines (HbA 1c Ͻ7.0% and Յ8.5%, respectively) (13). Additionally, it was assessed whether the targets for good or acceptable TC levels (Ͻ5.2 and Ͻ6.5 mmol/l, respectively), good or acceptable HDL cholesterol levels (Ͼ1.1 and Ն0.9 mmol/l, respectively), and good or acceptable triglyceride levels (Ͻ1.7 and Ͻ2.2 mmol/l, respectively) (13) were achieved. It was also assessed whether the targets for good or acceptable systolic BP (Յ140 and Յ160 mmHg, respectively), diastolic BP (Յ90 and Յ95 mmHg, re-spectively) (17) , and BMI (Ͻ25 and Յ27 kg/m 2 , respectively) (13) were achieved.
Statistical analyses
Baseline characteristics of patients in the two study groups were compared using 2 tests, unpaired Student's t tests, or Mann-Whitney U tests.
To determine the effectiveness of the intervention over the total follow-up period, multilevel analysis was performed (18) . Using this technique, calculated effect sizes can be adjusted for the clustering of patients within one general practice, which leads to dependency of observations of patients who receive care from the same GP. Repeated measurements are clustered under one patient, and patients were clustered within one general practice. Therefore, in the present study three levels were defined in the multilevel analysis: 1) repeated measures (i.e., time), 2) patient, and 3) GP.
The parameters of interest were as follows: 1) the regression coefficient pertaining to the dichotomous predictor variable, indicating the effect of the intervention during the total follow-up period, and 2) the interaction between the aforementioned dichotomous predictor variable and the baseline value of the particular outcome, indicating whether the effect of the intervention varied for patients with different baseline values.
A logistic model was used for the dichotomous outcomes and regression coefficients were transformed to odds ratios (ORs) using e ␤ . The analyses were adjusted for sex, age, duration of diabetes, region, treatment, and baseline value and were also performed for subgroups of patients who already had achieved the target for good glycemic control at baseline. All multilevel analyses were performed with MlwiN (1998, version 1.02.0002) (18) .
RESULTS

Patient characteristics and dropout
The characteristics of the GPs and the patients at baseline are shown in Table 1 . The patients in the IG were older and had lower diastolic BP.
Medical records of 62 patients in the IG and 27 patients in the RG were not available for various reasons (relocation, change of practice, or death). These patients did not differ from the patients for whom medical records were available with regard to the baseline values of the different patient outcomes. A total of 312 patients (83%) in the IG and 77 patients (74%) in the RG were included in the analyses.
During follow-up, patients in the IG were more often lost to follow-up because of death (8.0 vs. 5.2%) and relocation (6.7 vs. 1.3%) than patients in the RG (P Ͻ 0.05). Patients in the RG dropped out more often because of referral to specialist care than patients in the IG (19.5 vs. 6.1%, P Ͻ 0.05). In the RG only, the mean baseline HbA 1c and mean diastolic BP of patients lost to follow-up were both higher than in patients who completed follow-up (8.3 vs. 6.7% and 92 vs. 84 mmHg, respectively, P Ͻ 0.05).
Outcomes on care provided Differences in diabetes care between the IG and the RG are shown in Table 2 . Patients in the IG received diabetes care far more in accordance with the guidelines over the total follow-up period. The greatest improvements in the IG were achieved in the first 18 months of the study. The greatest difference in care received was found for the measurement of BP. In the IG during the total follow-up period, BP was 12.08 times more likely to be measured at least once per patient per year.
The slightest difference was found for the measurement of albumin in urine. In the IG, urine albumin was 2.43 times more likely to be measured once per patient per year.
Compared with the results for the total patient population, no differences in effect of the intervention on care received was found for subgroups of patients with different baseline HbA 1c values (data not shown).
Patient outcomes
Differences in patient outcomes between the IG and the RG over 42 months are shown in Table 3 . Patients in the IG were as likely to achieve the targets for good and acceptable control over the total follow-up period as patients in the RG for almost all outcomes. Surprisingly, patients in the RG were 2.3 times more likely to achieve the target for good or acceptable diastolic BP (OR 0.44 [95% CI 0.20 -0.97]). However, in supplementary analyses, in which the values of the last measurements were carried forward for patients referred to specialist care, this significant difference between groups in the effect of the intervention disappeared (0.47 [0.20 -1.12]).
No difference in the effect of the intervention on patient outcomes was 
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DIABETES CARE, VOLUME 24, NUMBER CONCLUSIONS -Only meager empirical evidence is available regarding the generally assumed relationship between compliance of GPs with guidelines for diabetes care and patient outcomes (9) . In the present study on the effectiveness of a quality improvement program focused on improving both the provision of diabetes care and patient outcomes, the intervention significantly improved only the diabetes care provided by GPs. This favorable effect of the intervention was not accompanied by any positive effect on patient outcomes. There are several possible explanations for the findings. First, structured care might not affect the inexorable progress of diabetes in the long term. Most previous studies on the effectiveness of intervention strategies that focused on improving diabetes care assessed only the short-term effects on glycemic control (9) . It is possible that the positive effects found in these studies faded after a longer follow-up period, as was the case in the present study.
A second explanation might be that patients were selected differently for the IG and the RG. In the IG, patients were more often lost to follow-up because of relocation and death. In the RG, patients were more often lost to follow-up because of referrals to specialist care. In the RG only, mean baseline values for HbA 1c and diastolic BP were higher in patients lost to follow-up than in patients who completed follow-up. It is most likely that GPs in the IG more often accepted the challenge to continue to provide diabetes care to patients for whom targets for glycemic control were more difficult to achieve than GPs in the RG. In the present study, this difference in the selection of patients could have resulted in an underestimation of the effect of the intervention on patient outcomes. However, the effect did not change in supplementary analyses in which the values of the last measurements were carried forward for patients who were referred to specialist care during follow-up. Third, the lack of effect on cardiovascular risk factors could be due to a premature evaluation. At the start of the study, the primary objective of the intervention was to improve glycemic control.
However, from 1995, more attention was paid to the importance of diagnosing and treating cardiovascular risk factors. It is possible that the evaluation of cardiovascular risk factors was premature, because patients were not exposed to the intervention long enough for any changes to be detected.
Limitations of the study For this study, a controlled before/after design was chosen, because the focus was to compare the effect of the multifaceted intervention with usual care. The GPs were not randomized to an IG or a RG, which might have resulted in an overestimation of the effects (19) . Randomization would have implied that motivated GPs who were willing to implement the complex intervention could have been allocated to the RG, which would have made the GPs in both groups more comparable. However, it could also introduce a loss of contrast between study groups, because GPs in both the IG and RG would have been motivated to improve their diabetes care. In the present study, the percentage of patients who received care in accordance with the guidelines at baseline was lower in the RG, although the numbers were also quite low in the IG. This probably indicates a difference in motivation, skills, or interest between the GPs in both study groups. Therefore, from the present study, it can be concluded that even improving the diabetes care provided by motivated GPs did not improve patient outcomes.
Another reason for not randomizing the GPs was that randomization of a small number of GPs does not guarantee comparability of groups with regard to potentially confounding factors.
In the present study, we dealt with a large loss to follow-up, but this is not expected to affect the power of the study substantially, because we used longitudinal analysis. Irrespective of the number of observations per patient, every patient is included in the analyses, and longitudinal analysis deals appropriately with the varying numbers of observations (20) .
Obtaining data on outcomes on the care provided from medical records can lead to underreporting of the care delivered (21) . In the IG, GPs were encouraged to record the care they provided. It is possible that GPs in the RG also improved the care they provided but did not record this care. However, we consider that, in the interests of continuity of care, it is necessary to record the care provided. Failure to do so leaves the GP without information and patient status cannot be reviewed on schedule. The results of this study could be "confounded by indication," because patients with poor glycemic control at baseline are expected to be reviewed more often than patients with good glycemic control, and there is more room for improvement. However, no difference was found in any effect of the intervention on both care received and patient outcomes in subgroups with different baseline glycemic control.
The complex quality improvement program focused on improving knowledge, skills, and organization of the GPs' practices was very intensive. In addition to structure of diabetes care, the guidelines included targets for glycemic control and control of cardiovascular risk factors, as well as a step-up therapy regimen to achieve these targets. In the structured meetings with experts, the GPs were educated on the targets and the step-up therapy regimen and were given feedback on the outcomes of the individual practices. Moreover, at the time of the clinical encounter of the GP with the patients, the data collected during the annual control visit were available. However, the patient outcomes did not improve. There seems to be a missing link in transferring the favorable effects on care provided to patient outcomes. It is possible that the GPs did not undertake the appropriate steps in adjusting the dosage of medication in the patients. Previous studies that implemented a prompt for the need to change therapy during an encounter or more detailed information on achieving good control for the individual patient showed improved patient outcomes. However, these studies only showed effectiveness in the short term (22, 23) .
In addition to regular review and intensive management of the patient by the diabetes care provider, active patient participation is also an important component (24). The patient must adhere to lifelong medication regimens and lifestyle modifications with regard to diet, smoking habits, physical exercise, and self care (25, 26) . It is possible that the absence of a patientoriented aspect in the intervention strategy implemented in this study contributes significantly to the observed lack of effect on patient outcomes (9) .
Future research should focus on studying the long-term effectiveness of strategies aimed at improving the care provided and the professional-patient relationship, with special focus on supporting GPs to undertake the appropriate steps in adjusting the dosage of medication in the patients and on supporting patients on self-management. 
